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EUROPEAN DIMENSION
Europe is currently no superpower in computing, but it is never 




By KOEN DE BOSSCHERE
In order to set out a strategy for the future, it is important to 
know one’s strengths and weaknesses, and it also helps to see 
opportunities, and to prepare for threats. Although Europe is 
currently no superpower in computing or in B2C ICT business, 
it is never too late to become one. For that to happen, it is 
important to understand the obstacles that make it difficult to 
grow global companies, and to develop a policy to remove them. 
In this article, we present a SWOT 
(strengths, weaknesses, opportunities, 
threats) analysis of the European comput-
ing systems ecosystem. We make a distinc-
tion between three stakeholders: (i) publicly 
funded universities and research institu-
tions (“Science and Technology”), (ii) the 
computing industry and its market, and 
(iii) the local and European governments 
responsible for creating an environment in 
which research, innovation and commer-
cialization can take place (“Policy and 
Government”). Most data in this article 
comes from “Science, research and innova-
tion performance of the EU 2020” [1].
We start with the strengths and weak-
nesses.
Strengths Weaknesses
Science and Technology • High-quality education 
• Excellent research
• World leader in 
lithography for semi-
conductor manufacturing
• Weak academia-industry link
• Strong in research, but not in 
commercialization
Industry and Market • Second largest market 
in the world 
• Stronger in systems 
than in components
• EU ICT contributes less to GDP 
than in other advanced countries
• Lack of venture capital culture
• Lack of advanced foundries
Policy and Government • Common market 
• Decent public funding 
level of research
• Lack of ICT workers
• Fragmentation of funding
Key insights
• Europe’s global economic impact is 
dwindling because other regions are 
growing faster due to their demo-
graphics, rapid economic development, 
or abundance of natural resources. 
The biggest long-term challenge for 
Europe is to sustain economic growth 
with a shrinking active population and 
growing costs for social security. Main-
taining the current standard of living 
will require a highly-educated and pro-
ductive workforce.
• It is important for Europe to real-
ize that computing is a key enabling 
technology of strategic importance 
because it is at the basis of all modern 
smart products and services. Europe 
should never lose the capacity to build 
its own computing solutions. 
• Europe is a scientific powerhouse, but 
it fails to monetize some of its research 
results due to the lack of entrepreneur-
ial talent, venture capital and a large 
enough ICT workforce. 
Key recommendations
• The creation of well-funded interna-
tional competence centres will help 
to retain and attract top talent, and 
to stay at the forefront of new digital 
technologies.
• Europe should continue to invest heav-
ily in research and innovation, and in a 
more entrepreneurial Europe that gen-
erates lots of start-up, scale-up and 
global companies. Europe needs more 
venture capital to support the growth 
of scale-ups.
• Europe should invest in future-proof 
areas: the silver economy to support 
the ageing population (home auto-
mation, health, entertainment, …), 
technologies for sustainability (low 
power, recycling, …). Technologically, 
hardware accelerators, and artificial 




As mentioned in the article on “Europe 
should be the humans-first continent”, 
Europe has an excellent and afford-
able educational system from preschool to 
university. According to the 2020 Times 
“Higher Education Ranking” [2], more 
than one third of the top 100 universities 
are located in Europe, including three in 
the top 10. The United States dominates the 
top 10 and the top 100, but all international 
rankings put Europe as the dominant conti-
nent in the top 500. This shows that Europe 
has a very solid higher education system.
Participation in higher education is 
growing in Europe, but it is still behind 
that of South Korea and the United States. 
Participation levels in China are catching 
up very quickly (Figure 1).
The growing participation unfortunately 
does not lead to more graduates; it is just 
enough to compensate for the shrinking 
population in the age band associated with 
higher education. A positive evolution 
is however that the share of science and 
technology graduates is the second high-
est in the world (after South Korea), and 
that Europe produces the second largest 
number of PhDs per population (Figure 2, 
again, after South Korea). 
Given demographic evolutions, Europe 
will not be able to match the number of 
higher education graduates of China in 
the future. There are only three ways to 
increase the number of graduates. 
• Try to further increase participation 
but there is not an unlimited number 
of students that are qualified to attend 
higher education (Europe sets 40% as a 
target; some countries already reach this 
level). 
• Try to increase the number of graduates 
via lifelong learning. That means that 
workers are (re)trained while working, or 
between two jobs. 
• A last option is to try to attract more 
foreign students/graduates, especially 
those who have plans to stay in Europe 
after graduation. Given the fact that 
almost every country in the world is 
trying to stop brain drain, and has created 
incentives to bring successful expats 
back to their home country, the impact 
of recruiting overseas students is also 
limited, and the numbers will always be 
lower than the number of local students. 
In Europe, higher education is mostly 
government-funded, making it affordable 
for most young people. In Europe, the 
students pay on average less than 10% of 
the real costs of tuition fees while in the 
United States and the UK it can be up to 
30%. European universities generally do 
not have access to the huge endowments of 
some US universities. 
Excellent research 
European universities produce signifi-
cantly more PhD degrees per 1,000 of the 
population than American or Chinese 
universities. The majority of European 
countries perform better than the United 
States, even in science and technology.
During the last 20 years, Europe has 
maintained its global share of scientific 
publications, while the United States has 
seen a steady decline, and China has shown 
spectacular growth (Figure 3). Europe kept 
not only its share of scientific publications, 
but also its share of the 10% most highly 
cited publications. The US is also losing 
its share of highly cited publications. The 
same trend is visible for the top 1% highly 
cited publications. It is remarkable that the 
sum of highly cited publications from the 
United States and China has been almost 
Figure 2: New doctoral graduates per 1000 population aged 25-34, 2017
(Source: DG Research and Innovation)
Figure 1: New graduates from tertiary education per 1000 population aged 20-29, 2007 and 
2017 (Source: DG Research and Innovation)
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Figure 3: World share in scientific publications and 10% highly cited scientific publications (Source: DG Research and Innovation)
constant since 2000, which seems to indi-
cate that the Chinese presence is growing 
at the expense of the US. Could there be a 
brain drain from the US to China: Chinese 
graduates from world-class American 
universities who return to China, and start 
a research career at home? If this trend 
continues, China will become the leader 
in publications and citations by the end of 
this decade. Hopefully, Europe will be able 
to defend its position in second place. As 
there is a correlation between the amount 
of public research funding and the number 
of highly cited publications, it seems 
crucial not to cut down on public research 
funding. The United States and Japan have 
been cutting public research funding in the 
last decade, and their numbers of publica-
tions and citations have followed the same 
path. Under the Trump administration, 
foreign students were discouraged to study 
Figure 4: Embedded application domain markets (Source: ECS)
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in the United States, and currently the 
COVID - 19 pandemic keeps them at home. 
Given the dependence of US research insti-
tutions on foreign talent, this might accel-
erate the decline in the number of publica-
tions, and citations.
World leader in lithography for 
semiconductor manufacturing
Europe has several research institutes 
and companies that are key players in 
semiconductor technology development 
(including ASML for making advanced 
EUV lithography machines, CEA, imec 
and Fraunhofer). They are Europe’s biggest 
asset when it comes to the further devel-
opment of CMOS-technology, and their 
expertise might be crucial to the develop-
ment of post-CMOS technology. 
Having the knowledge is also very 
important in order to understand the tech-
nology and therefore being able to use it 
efficiently in products. Curiously, since 
Global Foundries decided to step out of the 
race, Europe no longer has any advanced 
fabs. TSMC recently decided to build a fab 
in Arizona [10]. Europe might create incen-
tives to attract advanced fabs too. 
Second largest market in the world 
According to the International Mone-
tary Fund, Europe (EU-28) has the second 
largest GDP in the world, and the second 
highest GDP/capita. 





USA 20 513 62 571
EU 18 769 43 120
China 13 891 9 580
European businesses have access to 
a large internal market, with significant 
potential for growth in the new member 
states. Having access to a large internal 
market (like China and Europe) is an 
important advantage in times of troubled 
international trade relations. However, the 
European market is very fragmented due 
the diversity of regulations and languages 
across countries.
Stronger in systems than in components
In major embedded application domains, 
Europe is a global leader (Figure 5). Accord-
ing to the “Strategic Research Agenda 
for Electronic Components and Systems 
2020” [3],Europe produces 25-30% of the 
global annual value at the system level, 
compared to 13% at the component level 
(Figure 4). The system level is expected to 
grow tenfold between 2016 and 2025 while 
the component level will only double. The 
system level is a clear strength in Europe, 
and a strength that we should exploit. The 
sector that is particularly strong is transpor-
tation (automotive, air, rail).
Common market 
At the policy level, one of the strengths 
is the common market, and the fact that 
Europe can act as one economic block in 
Figure 5: Worldwide electronics value chain in 2018 (Source: ECS)
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global trade negotiations. Individual coun-
tries do not have to negotiate individual 
agreements. However, there is still a long 
way to go before Europe becomes a fully 
integrated market with one set of laws, one 
currency and one tax system. The differ-
ence in minimum wages across Europe 
shows how pronounced the difference 
between countries is (Figure 6).
Strong public funding
Europe has a variety of research fund-
ing instruments, complementing national 
funding instruments. The research and 
innovation programmes of the European 
Commission help to stimulate research 
collaboration. European Research Coun-
cil instruments support research excel-
lence; the flagship programmes aim to 
create critical mass in key research areas; 
the European Institute of Technology aims 
to stimulate research and innovation; and 
joint undertakings like ECSEL aim to pool 
local and European funding to encourage 
research and innovation. 
The total amount of public funding 
available makes Europe a good place to 
carry out R&D (at 0.7% of GDP). World-
wide, Europe is in second place after South 
Korea (Figure 7). 
However, the relatively high amount 
of public funding across the EU does 
not compensate for the low R&D invest-
ments by industry (see weaknesses). When 
considered as a whole, Europe is dramati-
cally lagging behind other parts of the 
world. The aim for Europe is to spend 3% 
of GDP on R&D, but it is still far away 
from that target (Figure 8).
The intensity of R&D translates into the 
number of researchers employed. Although 
Europe produces a higher number of PhD 
graduates per 1,000 of the population than 
any other continent, this does not lead to 
more employed researchers and almost half 
of them are employed by the public sector 
(Figure 9).
The total picture of R&D intensity is 
depicted in Figure 10. Asian countries 
appear to be preparing for the future. Their 
R&D intensity (apart from that of Japan) 
is growing as least as fast as the average 
growth in Europe.
Figure 6: Minimum wages, January 2008 and 2017 (EUR per month) (Source: Eurostat)
Figure 7: Evolution of public R&D intensity 2000-2018 (Source: DG Research and Innovation)
Figure 8: Evolution of business R&D intensity 2000-2018 (Source: DG Research and Innovation)
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Figure 9: Total researchers (FTE) as % of total employment 2000-2018 (Source: DG Research and Innovation)
Figure 10: Public R&D intensity, 2018 and compound annual growht (%) 2007-2018 (Source: DG Research and Innovation)
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markets like the United States or China. The 
US market is very competitive and sophis-
ticated, and Asian markets are even more 
challenging. Even growing within Europe 
has its challenges, because Europe is not a 
single entity; it is composed of a plurality 
of markets, languages, laws, cultures and so 
on. Therefore, it is difficult for a company 
to address the whole of Europe without 
extra work to adapt to each country. As 
an example, voice assistants appear later in 
non-English speaking countries due to the 
additional effort required to adapt them to 
different languages. Neither US or Chinese 
companies face such challenges. That is one 
of the explanations why European VCs are 
more cautious; they doubt whether many 
companies have the potential to success-
fully enter markets outside Europe.
Employment in ICT manufacturing is 
very low in the US and in the EU. China, 
Japan and South Korea are the ICT facto-
ries of the world. The US and the EU are 
strong in services, and on a par with South 
Korea and Japan (Figure 16).
Weaknesses
Weak academia-industry link 
Compared to the United States, the 
collaboration between academia and indus-
try (quantified as the number of joint scien-
tific publications) is on average weaker, but 
there are large regional differences. The situ-
ation is fortunately improving (Figure 11).
Strong in research, but not in 
commercialization
Europe is lagging behind Japan with 
respect to the innovation output indica-
tor (based on four components: patents, 
employment in knowledge-intensive activi-
ties, trade in knowledge-based goods and 
services, and the innovativeness of high-
growth enterprises). There are however 
large differences in innovation perfor-
mance between member states. The EU as 
a whole has recently caught up with the US 
(Figure 12).
In recent years, seven European cities 
have emerged as start-up ecosystems in 
the global top 30. Regional and European 
authorities are currently investing heavily 
in the creation and the support of start-
up ecosystems in all European urban areas 
(Figure 13).
EU ICT contributes less to GDP than in 
other advanced countries
The European ICT-industry contributes 
around 4% to GDP (and is decreasing), 
compared to more than 5% in competing 
geographies [4] (Figure 14). One explana-
tion is that Europe lacks GAFAM (Google, 
Apple, Facebook, Amazon, Microsoft) or 
BATX (Baidu, Alibaba, Tencent, Xiaomi), 
and other major ICT companies like HP, 
Dell and IBM, and the ecosystem support-
ing them. One exception is Ireland, which 
is home to the European headquarters of 
several major ICT companies. Figure 15 
shows what a missed opportunity this is. 
The lack of such companies is a structural 
weakness which also limits the innovation 
potential for the ICT sector (the smaller 
the sector, the fewer the resources available 
to invest in research and development). 
The lack of such large corporations can be 
explained by the lack of venture capital (VC) 
culture in Europe. In order for companies 
to grow to be worth to US $ 50-100 million, 
they have to enter non-European capital 
Figure 11: Public-private co-authored scientific publications per million population 2008 and 2018
(Source: DG Research and Innovation)
Figure 12: Innovation output indicator (EU2011=100), 2011, 2014 and 2018  
(Source: DG Research and Innovation)
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Figure 14: ICT sector value added share of GDP 2006-2017
Figure 13: 2019 Global startup ecosystem ranking (Source: DG Research and Innovation)
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The fact that Europe lacks major ICT 
companies has far-reaching consequences: 
it also means that venture capitalists are less 
eager to invest in European start-ups and 
scale-ups because there are fewer compa-
nies that might be able to acquire them. 
Companies that do grow significantly are 
often acquired by non-European compa-
nies: Nokia was acquired by Microsoft, 
Movidius by Intel, ARM by Softbank and 
more recently by NVIDIA, for example. 
Fortunately, there are also counterexamples 
like Sysgo, which was acquired by Thales.
Non-European business leaders like 
Elon Musk, Tim Cook, the Google found-
ers and Masayoshi Son seem to have a 
clearer vision of the future than their Euro-
pean counterparts, which they promote 
actively in the media. Very few people 
know the CEO of major European comput-
ing companies like Infineon, Ericson and 
STMicroelectronics, who lack the “rock 
star status” associated with their interna-
tional counterparts.
Lack of VC culture
More generally, Europe lacks a VC 
culture and, in this metric, the gap between 
the United States and Europe could not be 
bigger (Figures 18,19). This observation, 
in combination with the large number of 
young start-up companies, is problematic. 
It means that they have to fight hard to get 
the funding to become a scale-up company. 
Figure 16: Employment in ICT as % of total employment broken down by 
manufacturing and services globally 2007-2018
Figure 18: Venture capitalist funds raised (billion euro) in the EU and in the United States 
2007-2018 (Source: DG Research and Innovation)
Figure 19: Venture capital average fund size (EUR million) in the EU and in the USA, 2007-
2018 (Source: DG Research and Innovation)




Lack of advanced foundries
There used to be foundries in Europe, 
but they were acquired by non-European 
companies and disappeared (Figure 20). 
The fact that Europe depends on foreign 
foundries means that it has to import most 
of its semiconductors. The leading found-
ries are not located in low-wage countries, 
meaning that they did not leave Europe due 
to labour costs. Given the fact that Europe 
is a world leader in the development of the 
technology used in foundries (CEA, imec, 
Fraunhofer, ASML), it is surprising that no 
large foundries are left in Europe and that 
Global Foundries some years ago decided 
to stop the development of 7nm technol-
ogy and instead make its 14/12 nm FinFET 
platform more relevant to its customers. 
One explanation is that European coun-
tries did not aggressively invest in new 
foundries (as was the case in South Korea 
and in Taiwan), and that European VCs are 
not interested in foundries (while they are 
in the United States). Another is that the 
European customers of the foundries like 
STM, NXP and Infineon are making prod-
ucts that do not require advanced processes 
because their market is microcontrollers 
instead of microprocessors, analog devices 
versus memories. 
Lack of ICT workers
Europe lacks hundreds of thousands of 
ICT workers. Most European countries are 
witnessing positive growth in the number 
of graduates overall, but the number of 
graduates does not yet match demand 
(Figure 21). It would seem that Europe is 
not succeeding in convincing large enough 
numbers of high school students to start 
a career in the ICT sector. This is unfor-
tunate because the competitiveness of this 
sector in Europe will depend on the size of 
its workforce in order to innovate in big 
data analytics, artificial intelligence, robot-
ics and so on.
 
Importing well-trained foreign workers 
to Europe en masse to help mitigate the 
shortage is not an effective solution. First 
of all, Europe needs more than one million 
ICT workers in the next decade. Secondly, 
most countries try hard to keep their local 
talent. Finally, Europe has become less invit-
ing to immigrants during the last decade. 
To complicate things further, foreign ICT 
workers will be attracted by well-paid jobs 
in the major innovation hubs, and it will be 
more difficult to convince them to accept 
a job in smaller cities, or in poorer coun-
tries. The only long-term and sustainable 
solution is to invest heavily in the technical 
education of local people. 
Fragmentation of funding
The public funding system in Europe 
is highly fragmented. There are national 
funds, regional funds and European funds. 
There are funding instruments for applied 
research, for innovation, and for funda-
mental research. There are individual 
grants and collaborative research grants. 
A particular research proposal could fit 
multiple funding instruments and calls. 
Sometimes a research proposal can only be 
funded if different agencies agree to each 
fund a part of the proposal. On top of this, 
the success rate for research proposals is 
sometimes lower than 10%.
Within a funding agency, different 
committees deal with particular topics, 
which makes multidisciplinary project 
proposals very hard to get funded because 
committees tend to give priority to the 
proposals that belong to the core of a 
domain, leading to lower acceptance rates 
for interdisciplinary projects. It is there-
fore very hard for technologies that are 
common to several application domains, 
such as research in computing hardware 
and software, to be funded for their own 
intrinsic development. Instead, they must 
piggy-back on more domain-specific 
Figure 21: Graduated in the field of ICT per thousand population aged 25-34, 2017 and 
compound annual growth, 2010-17 (Source: DG Research and Innovation)
Figure 20: Top 10 semiconductors sales leaders (Source: IC Insights)
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also started to be used to fund research 
only adds to the complexity. 
Finally, there are the European state-aid 
rules that significantly add to the complexity.
Opportunities 
Fortunately, there are also opportunities.
The end of Moore’s law
The increase of the sequential perfor-
mance of a processor at the pace of Moore’s 
law already ended a decade ago (end of 
Dennard’s scaling); parallelism kicked in 
to keep performance increasing in lockstep 
with the number of transistors and cores, 
and now accelerators are the preferred 
technique to further improve performance, 
but the parallelism and the heterogeneity 
add a lot more complexity for software 
developers. 
The design of accelerators marks a new 
era of architectural research to devise 
clever solutions to improve performance 
per Watt. There is, however, room (and 
also a need) for more disruptive solutions, 
possibly replacing the (rather inefficient) 
von Neumann architecture with other 
computing paradigms, but only if it is done 
with a high level of efficiency and in a short 
period of time. Progress in artificial intel-
ligence could help in the efficient design of 
new systems. 
Designing a new accelerator or launch-
ing a new technology is however a daunt-
ing task as the proposed solution has to be 
better than current solutions, and also needs 
to have a roadmap in order to keep the lead. 
Embedded systems, IoT, cyber-physical 
systems (CPS), edge intelligence
The number one market opportunity in 
computing systems is the strongly grow-
ing market of embedded systems (includ-
ing the IoT, CPS, edge intelligence and the 
digitization of European industry). Europe 
has the second largest economy in the 
world, it has a number of world-class play-
ers producing the key enabling technology 
for advanced embedded systems, and it has 
strong transportation and health industries. 
Furthermore, there are no non-European 
dominant companies like Google, Apple, 
Facebook, Amazon or Microsoft (GAFAM) 
in this space yet. The stars of the CPS era 
will probably not be the same as those of 
the internet era (which are different from 
those of the mainframe era). Could the 
company dominating computing in 2030 
be European? The only way to win this race 
is to create as many innovative start-ups 
as possible, support them to scale up, and 
hope that they will become world leaders.
Opportunities Threats
Science and Technology • The end of Moore’s law • Economic stagnation
• Brain drain
Industry and Market • Embedded systems, IoT, 
CPS, edge intelligence
• Saturating markets 
• Computing initiatives in 
countries such as China, Russia 
and Japan
Policy and Government • Solutions for societal 
challenges
• Political instability
project calls. The organizational struc-
ture of the funding agencies thus ends up 
constraining the research work that can be 
proposed in one single project. The design 
of a novel, secure, cloud-based IoT solution 
will cut across the topics of at least three 
units of DG CONNECT. The fact that 
European Regional Development Fund has 
Figure 22: Ratio of people aged 65+ per 100 people of working age (old age dependency ratio) 
(Source: United Nations (2019))
Figure 23: Real GDP growth 2006-2016 (% change compares with previous years) (Source: Eurostat)
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Solutions for societal challenges
Societal challenges form a huge oppor-
tunity for the European computing indus-
try. Europe is the region with the highest 
number of people aged 60 or older [9]. 
The old age dependency ratio (OADR) is 
the number of 65+ people per 100 people 
of working age (24-64). That ratio will 
increase dramatically over the next 30 years 
(Figure 22). That means that Europe will 
have to search for solutions for the ageing 
population first. Since the rest of the world 
will face the same challenges in the future, 
Europe has an opportunity to develop and 
commercialize services and products for 
the silver economy first and sell them to 
the rest of the world. 
 
The same reasoning holds for the 
environment. The European population 
(together with the US) has one of the 
largest ecological footprints in the world. 
Reducing the ecological footprint will 
become one of most important global 
challenges of the rest of the century. The 
European Green Deal will help European 
scientists and industry to find solutions for 
footprint reduction that can be used and 




Europe has been characterized by 
low econo mic growth in the past decade 
(Figure 23). 
 
Figure 24: The cost of pensions in Europe [5] Figure 25: Population change by component (annual crude rates), EU-28, 1960-2016 (per 1.000 
persons) (Source: Eurostat)
This situation has recently been 
aggravated by the economic impact of the 
COVID - 19 pandemic. Around the time 
when the impact of the pandemic might 
become less severe, part of Europe risks 
experiencing the negative impact of Brexit. 
In the background, there is the increasing 
cost of supporting the ageing population. 
The cost of pensions will continue to grow 
until 2040 when “baby boomers” will have 
reached their life expectancy (Figure 24).
All the above puts stress on businesses, 
governments and people. Given the fact 
that European research is primarily funded 
by public money, this situation might lead 
to cuts in R&D budgets, especially for long-
term curiosity-driven research. 
Brain drain 
There is a lot of public attention given 
to the topic of immigration in Europe. It 
is indeed the case that immigration has 
increased since the fall of the Berlin Wall 
in 1989 and is now a major source of popu-
lation growth in Europe. 
 
This graph, however, masks the fact that 
net immigration is the difference between 
immigration and emigration (Figure 25). 
Emigration usually takes place from 
economically weaker countries toward 
economically stronger countries: from the 
Middle East and North Africa to Europe, 
from Eastern and Southern Europe to 
North-Western Europe, but also from 
North-Western Europe to the United States 
and other rich countries in the world. 
In computing, there seems to be a 
brain drain from Europe to the US. Top 
researchers and ambitious entrepreneurs 
are attracted by the merit-based American 
society and top salaries for high poten-
tial in both academia and industry. Large 
multinational ICT companies are attractive 
employers for young European talent eager 
to travel the world and make a fast career. 
If they do not want to move, US-based 
companies acquire European companies in 
order to have access to their talent or to 
open subsidiaries in Europe. This is a less 
visible form of brain drain. Particularly in 
machine learning, there has been a very 
strong pull on the top talent in Europe by 
companies like Facebook and Google. 
Europe should create large and well-
funded competence centres to retain Euro-
pean talent, and to attract excellent workers 
from abroad. CERN is a good example of 
such a competence centre, attracting talent 
from all over the world. The proposals for 
pan-European centres in artificial intel-
ligence [6] and cybersecurity [7] launched 
recently will hopefully help fulfil this need. 
Saturating markets
The market for new desktop computers 
and laptops is shrinking, and the market 
for smartphones is shrinking too (after 
having cannibalized the markets of other 
devices like navigation systems, cameras, 































music and video players). The reason is 
that we have reached human scale: most 
people in the western world already have 
all the devices they need, and the features 
of most devices have stabilized, eliminating 
the need to replace devices to get access to 
more features. The COVID - 19 pandemic 
and the requirement to work and study 
from home might have created a short peak 
in the demand for devices needed to tele-
work (mobile devices, headsets, webcams), 
but this is not a long-term trend. Sustain-
ability requirements encourage people to 
use devices until their end-of-life or have 
them repaired if they are not yet end-of-
life. This will further reduce the demand in 
the longer term. Fewer sales means fewer 
resources to spend on the development of 
new devices and new features.
Computing initiatives in countries such 
as China, Russia and Japan
A threat to the European computing 
industry is the rapid development of the 
computing industry in China, Russia and 
Japan. Many countries understand that 
computing is a key enabling technology of 
strategic importance, and are investing in 
their own research, products and compa-
nies. If Europe fails to do the same, it might 
eventually become dependent on technol-
ogy that is designed, developed, produced 
and controlled outside Europe. The same 
holds for cybersecurity solutions. 
The fastest growing country of the 
moment is China. There are several sectors 
where it has the ambition to become a 
world leader (artificial intelligence [11] and 
renewable energy being just two examples). 
This is evident from the quickly growing 
number of patent applications by Chinese 
companies.
 
The ambition of China to become the 
frontrunner in artificial intelligence was 
made very clear in 2017 in their Next 
Generation Artificial Intelligence Develop-
ment Plan [8]. It states: “… by 2030, China’s 
AI theories, technologies, and applications 
should achieve world-leading levels, making 
China the world’s primary AI innovation 
centre, achieving visible results in intelligent 
economy and intelligent society applications, 
and laying an important foundation for 
becoming a leading innovation-style nation 
and an economic power”. China created a 
five-year AI talent training program, and 
invested more than US$2 billion in a huge 
AI industrial park in the suburbs of Beijing. 
The presence of Baidu, Alibaba and Tencent 
(BAT) is an asset in developing advanced 
AI applications. The fact that the Trump 
administration has put restrictions on 
Chinese companies will not change this. 
Political instability 
Another threat is the political instability 
that Europe and the rest of the world are 
currently experiencing. Brexit, the inability 
to form stable governments in some coun-
tries, the COVID - 19 pandemic and the 
refugee crisis are influencing business and 
consumer confidence. In some countries, 
there is a trend towards more authoritarian 
regimes that want to turn back some liberal 
civil rights.
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